Summary. Faecal samples from 123 infants who died with sudden infant death syndrome (SIDS) and from a comparative group of 52 age-matched babies were analysed for toxigenic bacteria and their toxins. Serum samples from the SIDS infants were also analysed for these toxins. A significantly higher proportion of toxigenic bacteria and their toxins were found in faecal samples of SIDS babies than in samples from the comparative group. These toxins were also found in serum from the SIDS babies. Formula-fed SIDS babies had a significantly higher incidence of C. dzgicile k2 = 6.654, p < 0-Ol), C. perfringens k2 = 6-422, p < 0.05), and its enterotoxin k2 = 7.787, p < 0.01) in faeces, and a higher incidence (non-significant) of C. perfringens enterotoxin in their serum, faecal HLML toxin, and S. aureus and its enterotoxin, than breast-fed babies. Male SIDS babies had a significantly higher incidence of C. perfringens k2 = 7.687, p < 0-01) and higher incidences (non-significant) of C. perfringens enterotoxin, HLML toxin, C. dzgicile, and S. aureus and its enterotoxin than female babies. SIDS babies dying in winter had a significantly higher incidence of C. dzgicile than those dying in summer k2 = 5.328, p < 0-05) and spring 01' = 4.444, p < 0.05). C. perfringens, S. aureus and their enterotoxins occurred in more babies dying in autumn and winter than in spring and summer. The incidence of these bacteria and their toxins did not differ for position of death. These results provide some support for the idea that intestinal toxins have a pathogenic role in SIDS.
explain nearly 5 % of SIDS cases in California'. and led Arnon3 to suggest that other toxigenic intestinal bacteria may be responsible for some cases. In 1978, Trube-Becker4 suggested that enteral bacterial infections may be a cause of SIDS. In SIDS cases examined in Switzerland, Sonnabend et ~1 .~ found that samples from 15 % contained Clostridium botulinum and its toxin. The study of the role of C. dzficile and viruses by Laughon et aL6 strongly suggested that enteric pathogens may play a direct or indirect role in at least some SIDS cases.
Several more recent papers implicate toxin hypotheses. These involve C. perfringens toxin^,^ enterotoxins and products of bacterial metabolism,8 bacterial toxins in the respiratory tract,' toxigenic strains of Escherichia coli,l0-'' pathogens in the nasopharynx', and possibly Chlamydia trachomatis in respiratory infection^.'^' l4 The evidence for a " toxi- Growth on blood agar varied from light to heavy, presumably indicative of the variation in population levels, the levels being greater in the SIDS samples than in those of the controls. C.perfringens enterotoxin was found in 12 of 33 faecal, 6 of 33 ileal and 9 of 31 pharyngeal samples from the SIDS cases, but in only 1 of 5, 1 of 5 and 0 of 3 similar samples, respectively, from dead control babies, and 1 of 22 faecal samples from healthy controls. Surprisingly, however, these authors found C. perfringens enterotoxin in 20 of 44 SIDS serum samples and also in 12 of 26 serum samples from control dead babies, by use of a sensitive ELISA assay.
The initial aim of the present study was to determine whether the incidence of C. botulinum and its toxin in SIDS babies was similar to that in California.' It became immediately obvious that many faecal extracts were toxic to mice but that toxicity did not result from C. botulinum toxin. Therefore, the project aim17 became the identification of the nature of these toxins, and their significance and role in the SIDS.
Materials and methods

Samples
The SIDS faecal and serum samples were obtained from 123 infants examined at the Sydney Division of Forensic Medicine during 1983-1986 (period A) and during 1988-1991 (period B). They are representative of the greater metropolitan area, and met with the Beckwith" definition of sudden infant death; 78 agematched babies were studied in period A and 45 in period B. Their age distribution is shown in fig. 1 B. The median ages for periods A, B and A + B were 10.5 (95% confidence limits 9-12 weeks), 12.0 (10-12 weeks), and 12.0 (10-12 weeks) respectively. Nearly 80 YO of deaths occurred between 1 and 5 months, with 90 YO occurring under 6 months of age; 63 % were males and 37 % females. Bacteriological analyses were performed on a total of 166 SIDS babies (including the 123 age-matched children). The effect of the sex, sleeping position, season of death and, where available, feeding pattern on the data for incidence of bacteria and toxin was analysed for these 166 babies. Information in autopsy records and public reports shows that of the 166 SIDS babies analysed bacteriologically, three received antibiotics (one amoxycillin, two co-trimoxazole), possibly in the week before death, and C. perfringens (log,, 6-48/g) was grown from one of these.
Blood and colonic contents or faeces were taken aseptically at autopsy. Autopsies were performed as described by Kariks'' as soon as practicable after death of the infants, 46% within 24 h, 97% within 48 h and 99 YO within 72 h. The time from death until placement of the body in the mortuary cold room varied from 2 to 10 h." The bodies were quite cold (12-1 8°C) on arrival at the mortuary, but rigor mortis was present in only a few cases.
The heart blood was transferred aseptically with a small sterile spoon to a sterile centrifuge tube and stored at W"C, until centrifuged. Serum samples were stored at -20°C.
Colon contents were transferred to a sterile weighed container. If the colon was empty, faecal deposits on the napkin were scraped up with a sterile spoon and transferred to the container. The container was immediately placed in a type B BioBag (Marion Scientific Corporation, Kansas City, MO, USA) to maintain anaerobic conditions and stored at 0 4°C until examined bacteriologically.
The examinations were performed on the day of arrival of the samples at the laboratory (usually on the day the autopsy was performed) or as soon as possible thereafter. The jar containing the stool sample was weighed to obtain the stool weight and a small sample of known weight was transferred to a MacCartney bottle by the Hungate anaerobic technique of CO, flushing.20 Nine times its weight of gelatin-phosphate buffer,' was added to produce the suspension for viable counts. Further dilutions were made with pre-reduced buffer2' and CO, flushing. To obtain the faecal extract for toxin tests, marble chips and buffer (two or three times the weight of the remainder of the stool sample) were added, the sample was ground with a glass rod and centrifuged at 10 000 g for 20 min. The supernate (the faecal extract) was filtered through a 0-45-pm pore membrane filter and used for the toxin tests. Unused faecal extract was stored at -20°C. The pellet was stored at 1 "C for most probable number estimates of C. botulinum22 if the toxin test indicated that the bacterium was present. Stools obtained from near-miss SIDS cases were treated similarly.
Samples from healthy babies
It was difficult to obtain specimens from suitable control babies of the same age group who died from causes other than SIDS. Most babies who died in hospitals were unsuitable as they had been treated with antibiotics, other medicants or were suffering from intestinal disorders that could affect the microbial status of their intestinal tract. Only six true controls were included with the healthy babies. Samples from age-matched healthy babies (3-44 weeks) were obtained from baby health-care centres with the kind help of the staff and mothers concerned. These babies, the "comparative group ",12 were considered to give a more reliable indication of the normal microbial status of the healthy intestinal tract than babies dying from causes other than SIDS. Fifty-four age-matched babies, 3 1 in period A and 23 in period B, were studied. The median ages of the babies in periods A, B and A + B were 13 (95 YO confidence limits 10-15 weeks), 16 (10-24 weeks) and 14 (1 1-16 weeks) weeks, respectively, i.e., not significantly different from that of the SIDS babies. Their age distribution is shown in fig. 1A . The stool samples were transferred with sterile spoons to sterile weighed jars and the jars (with loose lids) were placed in BioBags and chilled at 24°C until transported to the laboratory. For several of the babies additional stool samples were obtained at intervals of 1-3 weeks later, to determine changes in the microbial or toxin state of the stools.
Toxin tests
Faecal extracts (0.4ml) and serum samples (up to 1.0 ml) were injected intraperitoneally into two white mice (1 8-20 g ; Quackenbush strain) according to the standard mouse neutralisation procedure,,l to test for C. botulinum toxin. If the extract killed both mice, was heat labile but was not neutralised by C. botulinum type A-G antisera (a gift from Dr C. L. Hatheway, Centers for Diseases Control, Atlanta, GA, USA) it was designated heat-labile mouse lethal (HLML) toxin. The enterotoxins of C. perfringens, E. coli, Vibrio parahaemolyticus and Staphylococcus aureus types A, B, C and D were detected by the reverse passive latex agglutination (RPLA) kits of Denka Seiken Co. Ltd, Tokyo, used as microslide agglutination tests. Agglutination was observed with phase contrast microscopy or an Olympus inverted microscope. Some of the samples were tested for C. dzjicile toxin A by the HeLa cell cytotoxicity testz3 and confirmed with an ELISA test kit (Meridian Diagnostics Inc., Cincinnati, OH, USA). C. sordellii antiserum (Wellcome Research Laboratories, Beckenham) was used to neutralise the toxin. C. perfringens a-toxin was detected as the cytotoxicity to HeLa cells that was neutralised by C. perfringens type A diagnostic serum (anti-a toxin) (Wellcome Diagnostics, Dartford). In the cytotoxin tests, the filtrates of faecal extracts and sera filtered through 0.2-pm pore membrane filters were added to the cell monolayers with or without antisera, incubated at 37°C for 48 h and observed for cytopathic effects. Because of the presence of more than one toxin in a sample that was capable of causing cytopathic effects it was not always possible to identify clearly the toxins in some samples by specific neutralisation even when neutralisation was performed with more than one antiserum. These samples have been recorded simply as "cytotoxin positive ."
Thermal stability of the toxin was determined by heating the extract or serum at 80°C for 10 min.
Bacterial detection and enumeration
The faecal samples were diluted to lo8 and plated on to specific isolation media to detect and enumerate toxigenic bacteria. The faecal samples were screened for the following aerobic bacteria grown at 37°C: Salmonella spp. (xylose lysine desoxycholate agarz4) ; staphylococci (Baird-Parker mediumz5 and Mannitol Salt Agar, Oxoid) ; V. parahaemolyticus (thiosulphate citrate bile salts sucrose agar) ;26 P-haemolytic streptococci (Columbia agar base, Oxoid containing defibrinated horse blood 7 YO and nalidixic acid 10 mg/L; and Aeromonas hydrophila (Oxoid medium). Bacillus cereus (phenol red egg yolk polymyxin agar) 27 and Yersinia enterocolitica (cefsulodin-irgasan-novobiocin agar)28 cultures were incubated at 30°C. Cultures for E. coli biotype 1 (ImVic+ + --, includes enteropathogenic and enterotoxigenic serotypes) (tryptone bile agar)29 were incubated at 40°C. Campylobacter jejuni was detected with Preston medium30 incubated in an atmosphere of 0 , 5 %, CO, 10 YO and N, 85 YO at 37°C. The faecal samples were screened for the following anaerobic toxigenic bacteria : C. perfringens (tryptone sulphite cycloserine agar),31 C. dz@cile (cycloserine, cefoxitin, fructose egg-yolk agar3, incubated at 37°C) and C. botulinum21 (botulinum selective medium33 and cooked meat medium with glucose 0.5 % incubated at 30°C).
The methods for the bacterial counts were chosen to detect and enumerate significant numbers of specific bacteria. Colonies on the specific selective media were checked microscopically for type and, if necessary, confirmed by standard biochemical, serological and other confirmatory tests." Enrichment techniques to detect low numbers were not used except for C. botulinum. Toxigenicity of isolates was demonstrated by growing the bacteria in media known to support toxin production, e.g., Cooked Meat Medium (Oxoid) and Brain Heart Infusion Broth (Difco) for C. dzjicile and cooked meat medium and Duncan and Strong medium for C. perfringens. 
Statistical analyses
The significance of the equality of the two proportions for the SIDS group and the comparative group of babies was analysed by the x2 test (table I) .
The association between the bacterial population and the presence of toxins was analysed for significance with a x2 test for the homogeneity of proportion^^^ (tables I1 and 111).
The samples, from both SIDS and healthy babies, from the two periods, were analysed to determine whether there were any significant differences between the results for age-matched babies from these periods. In most cases no significant difference was found so the results were pooled for analysis. When the results were different, the results for each period have been reported in the tables, even though the results in each period showed a similar trend.
Results
Incidence of C. perfringens and HLML toxin in faecal samples
The most common toxigenic bacterium present was The comparative group of babies at the time of sampling varied in age from 2 to 44 weeks. The babies were fairly randomly distributed in age (figs. 1A and 2A). C. perfringens occurred in 20 YO of the babies with a maximum viable count of log,, 7-48/g and a minimum of 3-46/g, mean 5-38/g ( fig. 1 A, table I ). The viable counts were slightly but not significantly higher in the 18-24-week age group. The incidence of C. ...
3.43tt
... 0 Statistical test for equality of 2 proportions with 1 degree of freedom.
11 Unless Period A or B is specified, there was no period effect, and the data from Period A and B were pooled for the x2 analysis. ** Figures of zero incidence make the x2 estimations approximate only. ?? x2 of 3.8 required for significance at the p = 0.05 level.
perfringens in the comparative group of babies < 12 weeks was 4 of 22 and > 12 weeks was 6 of 29. of C. dzficile and the presence of HLML toxin in faecal samples was not quite significant (table 111) . Twenty faecal samples contained both C. perfringens and C. dzficile. C. dzficile occurred in 15 % of the comparative babies with a maximum viable count of log,, 7.28/g and a minimum of 3-24/g, mean 5-l8/g ( fig. 2A,  table I ).
Incidence of other enterotoxigenic bacteria in faecal samples
The observations on S . aureus were made only on babies in period B. S. aureus (coagulase positive) was present in 27 YO of SIDS samples; the highest count was log,, 8.58/g and the mean count log,, 4.52/g ( HLML toxin was detected in SIDS sample 106 but the number of C. botulinum was not determined and its toxin, although neutralised by polyvalent C. botulinum antiserum, was not typed. This faecal sample also contained S. aureus and C. perfringens, and both their toxins were present in the faeces and serum of this baby.
C. botulinum, Y. enterocolitica or A . hydrophila were not detected in 53, 48 and 27 samples, respectively, from the comparative group of babies. Two of 50 samples contained Salmonella spp. and one of 25 contained B. cereus. /?-Haemolytic streptococci were detected in 1 of 25 samples. S. aureus occurred in 86 % of faecal samples from healthy babies in numbers up to log,, 8*28/g (mean 5.73/g; table I).
HLML toxin in faecal extracts
Many of the extracts from the faecal samples containing C. perfringens and C. dificile were lethal to mice, particularly those from the SIDS babies in the 9-16-week age group (figs. 1B and 2B). Faecal extracts from 27% of SIDS cases contained HLML toxin fig. 2B) . Nine of the toxins of C. perfringens, plus its enterotoxin, and the two C. dzficile toxins were lethal to mice and heatlabile. Seven toxic SIDS samples contained both C. perfringens and C. dzficile. Two samples contained HLML toxin but not C. perfringens, C. dzficile or other food-poisoning bacteria. Sixteen SIDS faecal samples contained C. perfringens, six contained C. dzficile and 11 contained both, but the faecal extracts were not toxic to mice.
Only 11 YO of the faecal samples from the comparative babies contained HLML toxin and only two of these contained significant numbers of C. perfringens. One of these samples contained log,, 6.9/g of E. coli which, when subcultured, produced a culture supernate containing HLML toxin.
Enterotoxins in faecal and serum samples SIDS babies. The results of the reverse passive latex agglutination tests for C. perfringens enterotoxin in SIDS faecal extracts and sera are given in fig. 3 . The figure shows a close association between the presence of the toxin in the faeces and serum. The relationship between the viable counts of C. perfringens and the presence of the enterotoxin was highly significant (table 11) . Thirty-four percent of faecal extracts and 24% of serum samples analysed gave positive results for C. perfringens enterotoxin. Twelve SIDS infants had C. perfringens in their faeces, and gave positive results in tests for enterotoxin in both faeces and (table I) . A small number of samples was tested for HeLa cell cytotoxi~ity,~~ neutralisable by C . sordellii antiserum.
Of 12 positive faecal samples tested, eight were cytotoxic but this activity was not neutralised by C. sordellii antiserum, and seven of these contained C. perfringens enterotoxin. Three SIDS serum samples were also cytotoxic but again these samples gave positive results in tests for C. perfringens enterotoxin. Of four SIDS faecal samples cytotoxic to HeLa cells, the toxicity was neutralised by C. sordellii antiserum. Two SIDS serum samples were also HeLa cell cytotoxic with results that indicated the presence of C. dzficile toxin. C. dzficile toxin was confirmed in four faecal and two serum samples by ELISA.
Samples from six near-miss SIDS cases were analysed. Faecal samples from two of the cases contained HLML toxin and C. perfringens, and one of them contained C. dzficile also. A sample from one other case contained C. dzficile alone. C. botulinum toxin was not detected in the faecal extracts of any of these samples. Serum samples were not tested. ., number of faecal sample positive for enterotoxin; 0, number of serum samples positive for enterotoxin. ...
1*
* Out of six samples tested.
Healthy babies. None of the faecal extracts from these babies gave a positive result in tests for enterotoxins of C. perfringens or staphylococci by the slide RPLA (table I) .
Cytotoxins and C. perfringens a-toxin (phospholipase, lecit h inase)
Thirty-one percent of the faecal extracts tested and 28 % of the serum samples from the SIDS babies were cytotoxic to HeLa cells but the toxicity was not neutralised by C. sordellii antiserum (tables I and IV). Antiserum to C. perfringens enterotoxin was not available for testing. The HeLa cells showed rounding up into much larger spheres than those pictured by R~l f e ,~~ and the cells were often ruptured releasing large clumps of granular cytoplasm. This effect was reproduced by a high concentration (5pglwell) of purified C. perfringens a-toxin (Sigma). Many of the cytotoxic samples were neutralised by C. perfringens type A diagnostic serum. With this cytotoxicity test for C. perfringens a-toxin, it was detected presumptively in 14 of 80 faecal samples and 2 of 87 serum samples from SIDS babies (table I) .
No HeLa cell cytotoxicity was detected in 21, or C. perfringens a-toxin in 17, faecal samples from healthy babies (table I) .
Eflects of other factors on the incidence of enteric pathogens and their enterotoxins
Various factors, including feeding pattern, sex of baby, season of death and position at death (sleeping position), appear to affect the incidence of SIDS. Since it was not possible to make age-matched comparisons of statistically significant samples of these categories without undertaking bacteriological analyses of many more babies, a comparison of the effect of these factors without consideration of age and other matching subcategories was performed (tables V and VI). Formulafed SIDS babies had a significantly higher incidence of C. dzficile, C. perfringens and its enterotoxin in their faeces than did breast-fed babies. Formula-fed SIDS babies also had a higher incidence of C. perfringens enterotoxin in serum and faecal HLML toxin, S. aureus and staphylococcal enterotoxin than breast-fed babies, but not significantly so (table Va) . Male SIDS babies had a significantly higher incidence of C. perfringens than female babies but a non-significantly higher incidence of C. perfringens enterotoxin, HLML toxin, C. dzficile and S. aureus and its enterotoxins (table Vb) . SIDS babies dying in winter had a significantly higher incidence of C. dzficile than those dying in summer and spring (table Vc). The other bacteria and their enterotoxins, except C. perfringens enterotoxin, occurred in a higher percentage of babies dying in autumn and winter than in spring and summer but not significantly so.
The incidence of these pathogens and their toxins in the comparative 'babies was too low to draw any reliable conclusions in relation to the effect of these epidemiological influences (table V) .
The incidence of the enteric pathogens or their toxins did not differ in relation to the position of the baby at death (table VI). ? In most cases position other than prone was not recorded so data may include some unreported prone cases.
SigniJicance of the bacterial and toxin results
8 Significant at p = 0.05.
counts and toxin analyses of the samples from the nine comparisons-C. perfringens, its enterotoxin, SIDS and healthy babies. They were analysed for the cytotoxins and coagulase-positive staphylococcisignificance of the equality of the two proportions by were significantly different at p < 0.01, and the the x2 test with 1 degree of freedom. Four of the HLML toxin at p = 0.05. The C. dzficile, C. botulinum and C. perfringens a-toxin comparisons were almost significant.
Persistence of C. perfringens and C. dificile and their toxins in faecal samples from healthy babies
Since faeces from some of the healthy babies contained HLML toxin and toxigenic bacteria, it was of interest to see whether this situation was stable or changed with time. The viable counts of C. perfringens and the presence of HLML toxin were followed over periods of 2 and 5 months in two babies. There was no significant change in the viable count of C. perfringens and in only 3 of 12 samples was HLML toxin detected. In one of these, and a third baby, consecutive weekly samples were HLML toxin-positive.
Toxigenicity of isolates of C. perfringens from faecal samples of SIDS babies
Some SIDS samples contained these toxigenic bacteria but the faecal samples were HLML toxinnegative. Therefore, some preliminary tests were made of the toxigenicity of the isolates. Five HLML toxinnegative faecal samples gave toxigenic subcultures. Three other faecal samples containing these bacteria were HLML toxin-negative and remained so on subculture, whereas only four of six HLML toxinpositive samples were toxic on subculture. These results suggest that weakly or non-toxigenic strains occur, and, also, that in some babies the conditions may not be suitable for toxin production or there has been inactivation of toxin.
Discussion
Most previous studies have relied on enrichment techniques to detect bacteria. However, our results show that many SIDS faecal specimens contain significant numbers of enterotoxigenic bacteria on primary culture and that their toxins occur in both the faeces and serum of these babies. Various sampling and handling problems should be considered before assessing the significance of these findings. The most important are probably the temperature of the intestinal contents prior to autopsy and changes that may take place during storage before bacteriological analysis, e.g., some bacterial growth and toxin production may occur post mortem. However, this is not believed to be a major problem, because being small and having a large surface area to weight ratio, infants cool fairly quickly in non-air-conditioned homes and are then held at refrigeration temperature in the mortuary until autopsy. Refrigeration prevents toxin formation and the growth of pathogens other than Y. enterocolitica, but does not prevent the death of mesophiles due to chilling or the enzymic inactivation of toxin. The optimum temperature for growth of most pathogenic bacteria is c. 37°C (45°C for C . perfringens). Growth slows rapidly below these temperatures and there is virtually no growth of or toxin production below 15°C by C. perf ring en^.^"^^ C. dzficile has been reported to grow at 25-45°C. 38 Preliminary studies on the growth of C. dzjkile and S. aureus in stool samples at various temperatures suggest that the conditions are not favourable for growth and toxin production. The presence of toxins in the serum of SIDS babies also indicates formation and absorption of toxins before or at the time of death.
Although in this study an accurate quantification of the number of enterotoxigenic bacteria is of little significance, the number of bacteria above a certain level is a much better indication of colonisation than that deduced from enrichment cultures. Hence, enrichment media (except for C. botulinum) were not used to detect low numbers of bacteria, and no effort was made to resuscitate bacteria damaged by chilling or storage. Therefore, most of the bacterial counts are likely to be underestimates. A check on the loss in viability of bacteria in fresh stools stored at 1-2°C in BioBags for a few days showed that most of the bacteria in the normal faecal flora retained their viability well in faeces (unpublished observations). C. dzficile survives for 4-10 days at 5°C.39 However, C. perfringens readily suffers cold damage and considerable loss of viability at 0-5°C. 40 The toxin detection methods used were unlikely to be 100% effective, and the amount of toxin present was not determined. More sensitive, commercial, monoclonal antibody-ELISA methods were not available at the start of these studies. The latex agglutination methods used, that have become available, except for that of C. dzficile toxin A, are reasonably sensitive and ~pecific.~l,*~ In the absence of a satisfactory RPLA test for C. dzficile toxins, many of the samples were tested for cytotoxicity ; although they often showed cytotoxicity, this was not neutralised by the C. sordellii antisera, indicating that it was probably due to toxins of C. perfringens or other bacterial species. However, a few SIDS faecal extracts and serum samples did show evidence of the C. dzficile toxins.
Most toxins are inactivated to some extent during storage. C. dzficile cytotoxin is fairly stable at O"C, but its activity falls to c. 3 YO in 2 days at 5°C. 39 The HLML toxin and C. perfringens enterotoxin in faeces and faecal extracts both lost considerable activity in 2-3 days at 1°C (unpublished observations). The effectiveness of the toxin-extraction methods was not explored. Both effectiveness of toxin-extraction and loss of activity are likely to result in an underestimation of the incidence of toxin in the faecal samples.
The failure to detect toxin in many of the faecal samples and sera when the toxigenic bacteria were found in the stools of SIDS and healthy babies may result from the frequently observed occurrence of nontoxigenic strains of C. perf ring en^,^^-^^ C. dzficile,6* 4 7 7 enterotoxigenic E. coli and other species. Nontoxigenic isolates were also observed in this study. The absence of toxin may have also resulted from unfavourable conditions for toxin production in the intestinal tract of some babies, due to their diet or from immunological factors. In five SIDS faecal samples, toxins of C. perfringens or C. dzficile were demonstrated but the bacteria were not detected. Presumably, this resulted from death of the bacteria during storage or from cold damage.
Staphylococcal enterotoxin occurred in some of the SIDS faecal and serum samples. C. perfringens and C. dzficile were also present in many of these faecal samples. However, in one case, HLML toxin was present in the absence of C. perfringens and C. dzficile, suggesting that S. aureus enterotoxin may be important under conditions where the strain is toxigenic and sufficient toxin is produced. Of considerable interest is the finding that S. aureus occurred significantly more frequently in the comparative group of babies in the absence of toxin, whereas when they were present in the SIDS samples toxin was normally present (table I). The HeLa cell cytotoxicity observed could result from C. dzficile toxin A and its cytotoxin, C. perfringens enterotoxin and a-toxin and possibly other toxins and the presence of two or more of these in the one sample (table IV) .
The results show that, in a higher percentage of SIDS cases, there are toxins (the HLML toxin, C. botulinum toxin and the enterotoxins of C. perfringens, C. dzficile and S. aureus, and the a-toxin of C. perfringens) in faecal samples and, in the case of the latter four, in serum. The failure of extracts from some faecal samples containing C. perfringens and C. dzficile to be lethal for mice is also likely to result from insufficient toxin rather than the reasons suggested above.
The RPLA test detects C. perfringens enterotoxin at 2 ng/ml whereas the LD50 for mice is c. 0.8 ,~g .~~ Insufficient toxin probably results from loss of toxin activity during storage of samples. Over one-third of the extracts contained detectable toxin by RPLA.
Although C. botulinum occurred in six of the 123 SIDS cases, an incidence similar to that found in California,' the number of bacteria of this species present was low and its toxin was detected in only one faecal sample. This situation is more typical of the late recovery phase of infant botulism than of an acute attack.50 Thus, the true significance of the presence of C. botulinum is not known. Most cases of infant botulism in Australia have occurred in relatively arid country areas,22 so the incidence for these samples from metropolitan areas should not be applied to the national scene.
Altogether, 77 of the 123 SIDS samples (62%) contained one of the above toxigenic bacteria or their toxins or both, and, as indicated earlier, these findings could be an underestimate. A significantly lower incidence of these bacteria and their toxins occurred in the healthy babies ( figs. 1 and 2; table I ). Tests were not done for other toxigenic bacteria, such as A . hydrophila, Listeria monocytogenes and enterotoxigenic E. coli.
The important question is, are these bacteria and their toxins involved in the death of these babies? There are several published reports on the occurrence of C. perfringens and C. dzficile in stools from babies of different age,51 and diet,51g52 hospitalised with d i a r r h~e a~~.~~ and on death (SIDS and the question has been raised as to whether these bacteria have any significant effect on the health of the baby. Toxin analyses have been performed in only a few previous studies. C. dzficile toxin was found in the faeces of SIDS cases and healthy babies6*52-55 but not in their C. perfringens toxin was detected by a very sensitive method in faecal and serum samples at about the same frequency in some SIDS and dead non-SIDS cases.7 The degree of toxicity and incidence of non-toxigenic strains is important, as are the facts that C. perfringens is responsible for the death of several species of young animals' and C. dzficile causes pseudomembraneous colitis. C. dzficile toxins also have been shown to interact with monocytes inhibiting the immune response in v i t r~. ~~ The suitability of conditions in the gastrointestinal tract for toxin production may depend on diet and other factors. Toxin absorption is also affected by many variables, some of which are host-related whereas others are not. For example, the presence of one organism can enhance absorption of toxin produced by another organism5 or one toxin can affect the receptor sites of another, so affecting the permeability of the intestinal mucosa to Some mothers' milk contains secretory immunoglobulin type A (sIgA) antibody that neutralises C. dzficile Mothers' colostrum has also been shown to contain antibodies to V. cholerae toxin and r o t a v i r~s ,~~ E. coli enterotoxin60 and C. botulinum.6' The presence of these enterotoxins in the sera of babies, and antibodies to them in mothers' milk, means that these enterotoxins are absorbed into the body like botulinum toxin. However, whether the presence of the enteric bacteria and their toxins is detrimental to the host will depend on the toxigenicity of the strains, the concentration of the toxin, whether the toxin is absorbed by the host and the immunological maturity and defences of the infant, and, in very young babies, on the immunological protection from the mother, which in turn depends on the immunological competence of the mother. The unique age-related peak incidence of SIDS and of infant b o t u l i~m~?~~ correlates with the introduction of solid foods to the infant diet,63 as well as the gap in their immunological development between protection from maternal antibodies and the development of their own a n t i b o d i e~.~~ The association with solid food intake is probably related to the increased exposure to contamination by enterotoxigenic bacteria (mostly animal commensals) in these foods and during feeding procedures. IgM levels from some SIDS cases were elevated, suggesting an active immunological reaction. 65 C. dzficile toxin has been shown to cause infant rhesus monkeys to die rapidly and quietly, a death clinically and pathologically consistent with human SIDS.66 Guinea-pigs sensitised per 0s to milk proteins also died quietly under simulated sleep conditions. 67 High levels of dopamine and noradrenaline in the carotid bodies of cot-death babies have been reported68 although not c~nfirmed.~' Further, postmortem findings have been interpreted as indicating that the babies die in ~h o c k . l~,~~ Our results strongly suggest that in some SIDS cases, the trigger mechanism that could initiate the cascade of reactions that leads to a silent shock death is the absorption of adequate amounts of toxins from the intestinal tract. These foreign proteins may not necessarily be only bacterial enterotoxins but may include other bacterial toxins, e.g., C. perfringens (a to I ) , viral proteins and cow's milk proteinss7 in the case of children sensitive to an anaphylactic shock reaction.
Our results led us to formulate the hypothesis that in babies who are not protected immunologically, when conditions in the intestinal tract are favourable to toxigenesis (toxic strains present under suitable conditions), toxin is produced and absorbed and the babies undergo a shock reaction similar to endotoxic shock.17 This is possibly one of the major basic mechanisms causing SIDS.
If enteric pathogens and their toxins are an important cause of SIDS, this needs to be reconciled with a number of epidemiological factors that are well recognised as important in SIDS, e.g., the greater incidence of SIDS in formula-or solids-fed than breast-fed in male babies,71* 74 in winter month^,^^'^^ in babies of parents of lower socioeconomic 74 in some races7l, 72. 74 and in babies sleeping
The results in table Va strongly suggest that formula feeding leads to a greater incidence of bacterial contamination and toxin production than breast feeding.52 This could result from greater opportunities for contamination with common animal commensals that occur in the hospital and home environment during food preparation and feeding.
Bacterial growth could occur in bottles left in the cot, often for hours, with slow-feeding infants. Greater initial contamination levels from formula ingredients and solids are likely, compared to breast-milk, and are also likely to occur from lower levels of cleanliness in lower socio-economic homes. Results shown in table Vb suggest that male babies may be exposed to conditions that result in a greater incidence of these bacteria, particularly C. perfringens and their toxins, than female babies. Sixty-six percent of all babies were formula-fed which suggests that some other factor, e.g., greater food intake, lower stress threshold, a difference in immunological maturity and p r~t e c t i o n ,~~ or intestinal conditions may be involved. Results shown in table Vc tend to support the higher SIDS rate in autumn and winter.
Enterotoxaemia in young animals is commonly associated with weather chills, winter and changes in diet or to mothers being moved to more succulent (greener) 78 This could well result from chills affecting the abdomen and intestinal tract bringing on stress7' and changes in intestinal s e c r e t i o n~~~ which affect gastrointestinal pH, growth and conditions for toxin formation.
Lower socio-economic status and poorer education possibly result in less appreciation of the need for hygiene in feeding and attention to cleanliness and temperature control of infant food, increasing opportunities for bacterial contamination and growth. Better education and standards of living would tend to avoid these problems, reducing the disparity in risk under better social conditions between formula-fed and breast-fed babies. Practically all (> 99 %) of the SIDS babies studied were of Caucasian origin, so these results do not directly help us to understand the differences in SIDS rates for races. However, in the case of poorer black populations in the USA71 and in New Zealand, their socio-economic status may affect bacterial contamination sufficiently to explain the higher SIDS rates reported.
Further research with animal models on the effect of the factors indicated above are likely to elucidate how these epidemiological factors exert their effect. Our studies (S. Siarakas, E. Damas and W. G. Murrell; unpublished observations) show that these toxins are absorbed from the intestinal tract of rabbits, affect catecholamine levels and reduce heart rate, blood pressure and breathing, resulting in sudden death. 
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